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TEST STRUCTURES FOR IDENTIFYING 
OPEN CONTACTS AND METHODS OF 

MAKING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates generally to semiconductor 
processing, and more particularly to test structures operable 
to identify open contacts on a semiconductor Workpiece. 

2. Description of the Related Art 
Large scale integrated circuits noW routinely contain 

millions of individual transistors and other electronic com 
ponents. Most of the interconnections for the numerous 
individual components are provided via one or more met 
alliZation layers that serve as global interconnect levels. 
Each metalliZation layer is ordinarily deposited on the 
substrate of the integrated circuit as a single continuous 
layer that is thereafter patterned lithographically and etched 
to remove metal from areas Where metal lines are not 

required. 
Amethod frequently employed to form contact structures 

involves a damascene process in Which the substrate con 
taining the integrated circuit is coated With a layer of 
dielectric material that is lithographically patterned and 
etched to form contacts or vias in the dielectric layer Where 
the contact structures Will be formed. Thereafter, the contact 
material or materials if a laminate structure is desired are 
deposited over the dielectric layer. The goal of the deposi 
tion process is to ?ll the vias as completely as possible. 
Finally, a planariZation process is performed to remove the 
excess conducting material from the dielectric layer and 
leave only the ?lled vias. 

Oxides of silicon are commonly used as interlevel dielec 
tric layer materials. Where materials that exhibit relatively 
poor adhesion to oxides, such as tungsten, are utiliZed for the 
contacts, the deposition of an adhesion ?lm that exhibits 
acceptable adhesion to both oxide and the contact material 
is ?rst deposited folloWed by the deposition of the bulk 
conducting material. Thereafter, the planariZation process is 
performed to remove the portions of the deposited conduct 
ing ?lms overlying the interlevel dielectric layer and to leave 
conducting material only in the contacts. 

Like many aspects of modern semiconductor fabrication, 
quality control in the formation of contact structures is vital 
to device operation and productive manufacturing yields. As 
the fabrication of contacts involves several sequentially 
performed processing steps, a number of mechanisms arise 
that may interfere With the successful fabrication of the 
contacts and lead to open contacts that do not make a 
complete circuit. Examples of potential process mechanisms 
that may lead to contact failure are legion, and includes such 
things as line scumming, poor contact etching, particulate 
contamination in contacts, and poor reticle design to name 
just a feW. 

Conventional techniques for diagnosing potential causes 
for contact failure do not enable the process engineer to 
rapidly Zero in on the locations and potential causes of 
defective contacts. One conventional method involves the 
complete electrical test of an entire chip or die for electrical 
defects. This test involves an electrical diagnostic of the 
active circuit structures on a given chip and may include 
electrical examination of various test circuit structures that 
are fabricated on the die. The dif?culty With this approach is 
not only the time consuming nature of the diagnostic test but 
also the potential inability to accurately: (1) identify defec 
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2 
tive contacts; and (2) the likely cause of the contact defects. 
In some cases a region of the die that is exhibiting electrical 
failure undergoes a diagnostic technique knoWn as depro 
cessing. The suspect area of the die is examined in more 
detail, often using visual inspection of die cross-sections. 
Using the visual inspection as a guide, the process steps 
leading up to the formation of the structure in question are 
closely examined for possible sources of process variations 
or other mechanisms that lead to contact failure. 

The present invention is directed to overcoming or reduc 
ing the effects of one or more of the foregoing, disadvan 
tages. 

SUMMARY OF THE INVENTION 

In accordance With one aspect of the present invention, a 
test structure is provided that includes a substrate, a ?rst 
conductor on the substrate and a second conductor on the 
substrate. A resistor netWork is coupled in parallel betWeen 
the ?rst conductor and the second conductor. The resistor 
netWork has n resistors and n contacts and a measurable 
resistance R M. Each of the n resistors has a knoWn resistance 
Rk and a knoWn position on the substrate. Each of the n 
contacts is connected betWeen one of the n resistors and the 
?rst conductor or the second conductor, Whereby the loca 
tion of any of the n contacts in an open state is determined 
from the equation: 

1 

l l RM: 

In accordance With another aspect of the present 
invention, a test structure is provided that includes a 
substrate, a ?rst conductor on the substrate, a second con 
ductor on the substrate and n contacts connected in series 
betWeen the ?rst conductor and the second conductor and 
de?ning n/2 pairs of the n contacts. Each of the n contacts 
has a knoWn resistance RC. A plurality of resistors is pro 
vided. Each of the plurality of resistors has a knoWn resis 
tance Rk and a knoWn position on the substrate and is 
connected in parallel With one of the n/2 pairs of n contacts. 
The n contacts and the plurality of resistors have a combined 
measurable resistance RM, Whereby the location of any of 
the n contacts in an open state is determined from the 
equation: 

ZRCRK 
R = 

M KIIZRC+RK 

In accordance With another aspect of the present 
invention, an integrated circuit is provided that includes a 
substrate, a plurality of circuit devices on the substrate, a 
plurality of active contacts coupled to the plurality of circuit 
devices, and a test structure. The test structure has a ?rst 
conductor on the substrate, a second conductor on the 
substrate, and a resistor netWork coupled in parallel betWeen 
the ?rst conductor and the second conductor. The resistor 
netWork has n resistors and n contacts and a measurable 
resistance R M. Each of the n resistors has a knoWn resistance 
Rk and a knoWn position on the substrate. Each of the n 
contacts is connected betWeen one of the n resistors and the 
?rst conductor or the second conductor, Whereby the loca 
tion of any of the n contacts in an open state is determined 
from the equation: 
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l l RM: 

In accordance With another aspect of the present 
invention, an integrated circuit is provided that includes a 
substrate, a plurality of circuit devices on the substrate, a 
plurality of active contacts coupled to the plurality of circuit 
devices, and a test structure. The test structure has a ?rst 
conductor on the substrate, a second conductor on the 
substrate and n contacts connected in series betWeen the ?rst 
conductor and the second conductor and de?ning n/2 pairs 
of the n contacts. Each of the n contacts has a knoWn 
resistance RC. Aplurality of resistors is provided. Each of the 
plurality resistors has a knoWn resistance Rk and a knoWn 
position on the substrate and is connected in parallel With 
one of the n/2 pairs of n contacts. The n contacts and the 
plurality of resistors having a combined measurable resis 
tance RM, Whereby the location of any of the n contacts in 
an open state is determined from the equation: 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other advantages of the invention Will 
become apparent upon reading the folloWing detailed 
description and upon reference to the draWings in Which: 

FIG. 1 is a schematic vieW of an exemplary embodiment 
of a test structure that is suitable for identifying open 
contacts in accordance With the present invention; 

FIG. 2 is a plan vieW of a portion of a semiconductor 
Workpiece or substrate With the test structure of FIG. 1 
implemented thereon in accordance With the present inven 
tion; 

FIG. 3 is a magni?ed pictorial vieW of the test structure 
implemented on the substrate of FIG. 2 in accordance With 
the present invention; 

FIG. 4 is a cross-sectional vieW of an exemplary embodi 
ment of a resistor of the test structure in accordance With the 

present invention; 
FIG. 5 is a cross-sectional vieW of another exemplary 

embodiment of a resistor of the test structure in accordance 
With the present invention; and 

FIG. 6 is a schematic vieW of an alternate exemplary 
embodiment of a test structure that is suitable for identifying 
open contacts in accordance With the present invention. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

In the draWings described beloW, reference numerals are 
generally repeated Where identical elements appear in more 
than one ?gure. FIG. 1 is a schematic vieW of an exemplary 
embodiment of a test structure 10 that is suitable for iden 
tifying open contacts in accordance With the present inven 
tion. The test structure 10 includes a conductor 12, a 
plurality of contacts 14, 16, 18 and 20 connected to the 
conductor 12, and another conductor 22. A resistor netWork 
is provided consisting of a plurality of resistors 24, 26, 28 
and 30. 

Each of the plurality of resistors 24, 26, 28 and 30 is 
respectively connected in parallel betWeen one of the plu 

15 

25 

35 

45 

55 

65 

4 
rality of contacts 14, 16, 18 and 20 and the conductor 22. 
The resistors 24, 26, 28 and 30 have respective knoWn 
resistances R24, R26, R28 and R30 and positions. 
A calculated resistance RCALCULATED betWeen the con 

ductors 12 and 22 is given by the folloWing equation: 

1 Equation 1 
RCALCULATED = W 

If none of the contacts 14, 16, 18 and 20 is in an open state, 
then a measured resistance RM betWeen the conductors 12 
and 22 Will be equal to the calculated resistance RCALCU 
LATED. Thus, 

1 Equation 2 
RM = RCALCULATED = W 

Since the resistances R24, R26, R28 and R30 and locations 
of each of the resistors 24, 26, 20 28 and 30 are knoWn, 
Equation 2 may be used to determine the location of any of 
the contacts 14, 16, 18 or 20 that is in an open state. For 
example, assume that the contact 20 is in an open state and 
the resistance betWeen the conductors 12 and 22 is measured 
to yield a measured resistance RM. In this circumstance, the 
resistor 28 does not contribute to the measured resistance R M 
and the measure resistance RM is not equal to the calculated 
theoretical resistance RCALCULATED. The identity of the open 
contact 20 may be ascertained by setting the right side of 
Equation 2 equal to RM and trying various combinations of 
the knoWn resistances R24, R26, R28 and R30 until the 
calculated equivalent resistance RCALCULATED matches the 
measured resistance R M. In this example, the combination of 
the knoWn resistances R24, R26 and R30 in the right side of 
Equation 2 produces a match With the measure resistance 

RM. 
Equation one presents the case of four resistors in the 

resistor netWork. HoWever, the more general form of equa 
tion one for n resistors is given by the folloWing equation: 

1 Equation 3 
l l RM: 

Thus, for a resistor netWork that has n resistors and n 
contacts, the locations of any contacts in an open state may 
be determined by performing the aforementioned trial and 
error substitutions in the right side of the Equation 3 until a 
match With the measured resistance RM is reached. 

For a given set of n resistors, the smallest resistance value 
is R]. If desired, the resistances of the other n-1 resistors may 
have values that are integer multiples of the loWest resis 
tance value RI. This might desirable in circumstances Where 
simpli?ed arithmetic is desirable, such as Where the trial and 
error calculations of Equation 3 Will be made Without the aid 
of a computing device. For example, a four resistor netWork 
may be fabricated With resistances RI, 10R,, 20R, and 30R]. 
An exemplary physical implementation of the test struc 

ture 10 on a semiconductor substrate 32, such as a semi 
conductor Wafer or other type of substrate, may be under 
stood by referring noW to FIGS. 2 and 3. FIG. 2 depicts a 
plan vieW of a portion of a semiconductor Workpiece or 
substrate 32 and FIG. 3 depicts a magni?ed pictorial vieW of 
the test structure 10 implemented on the substrate 32. Note 
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that the test structure 10 may be implemented on the 
substrate 32 in conjunction With other active circuitry 33 or 
as an application speci?c circuit as desired. The substrate 32 
may be composed of n-doped silicon, p-doped silicon, 
silicon-on-insulator or other suitable substrate materials. 
The resistors 24, 26, 28 and 30 consist of impurity regions 
formed in the substrate 32. An insulating layer 34, such as 
an interlevel dielectric layer, is formed on the substrate 32. 
The layer 34 may be composed of silicon dioxide, tetra 
ethyl-ortho-silicate (“TEOS”), or other suitable interlevel 
dielectric materials. If TEOS is selected, the layer 34 may be 
formed by CVD or like techniques. The interlevel dielectric 
layer 34 may be about 0.75 pm to 1.2 pm thick and is 
advantageously about 1.0 pm thick. FolloW deposition, the 
layer 34 is planariZed to the desired thickness by chemical 
mechanical-polishing (“CMP”) or other planariZation tech 
niques. Note that the layer 34 is shoWn peeled back signi? 
cantly in order to reveal the details of the test structure 10. 

The contacts 14, 16, 18 and 20 are formed in the insu 
lating layer 34 using Well knoWn via or contact etching and 
conductor deposition techniques. One of the desirable of 
features of the test structure 10 is a close mimicry of the 
characteristics of contacts used for active circuits. 
Accordingly, the contacts 14, 16, 18 and 20 are advanta 
geously formed from the same materials and using the same 
processes as those used for contacts in the active circuitry 
33. In an exemplary embodiment, the contacts 14, 16, 18 and 
20 consist of a tungsten plug surrounded by a titanium 
nitride adhesion layer. 

The conductor 12 consists of a test pad 36 and a conductor 
line 38 that is connected to the contacts 14, 16, 18 and 20. 
The conductor 22 is similarly con?gured as a test pad. The 
conductors 12 and 22 may be fabricated from a myriad of 
conducting materials commonly used in semiconductor 
fabrication, such as, for example, aluminum, titanium, 
refractory metals, refractory metal silicides, copper, lami 
nates of these or the like. In an exemplary embodiment, the 
conductors 12 and 22 consist of a titanium/aluminum stack. 
Ohmic connection betWeen the resistors 24, 26, 28 and 30 

and the conductor 22 is established by a second plurality of 
contacts 40, 42, 44 and 46 that are partially obscured by the 
conductor 22 in FIG. 3, and thus are shoWn in phantom. The 
contacts 40, 42, 44 and 46 may be substantially identical to 
the contacts 14, 16, 18 and 20. The conductors 12 and 22, as 
Well as the contacts 14, 16, 18 and 20 are advantageously 
composed of loW resistivity materials so that the knoWn 
resistances R24, R26, R28 and R30 are considerably greater 
than the resistances of the conductors 12, 22 and the various 
contacts 14, 16, 18, 20, 40, 42, 44 and 46. Thus, the 
resistances of the conductors 12, 22 and the contacts 14, 16, 
18, 20, 40, 42, 44 and 46 may be ignored in Equation 2 and 
Equation 3 above. 

The resistors 24, 26, 28 and 30 may be implemented in a 
variety of Well knoWn Ways. The folloWing description Will 
focus on the resistor 24. HoWever, the description is illus 
trative of the other resistors 26, 28 and 30. FIGS. 4 and 5 
depict cross-sectional vieWs of tWo exemplary implementa 
tions of the resistor 24. The vieW is taken at a section that 
presents both the contact 14 and the contact 40 as visible 
structures. Referring ?rst to FIG. 4, the resistor 24 may 
consist of an impurity region 48 formed in the substrate 32. 
The impurity region 48 Will have a conductivity type, e.g., 
n-type or p-type, that is opposite to the conductivity type of 
the substrate 32. Self-aligned silicide structures 50 and 52 
may be provided beloW the contacts 14 and 40 as desired. A 
suitable silicide forming material, such as cobalt, titanium, 
platinum, palladium, nickel, tungsten, tantalum, 
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6 
molybdenum, or the like may be deposited on the substrate 
32 by PVD or CVD. The silicide forming material is then 
annealed in an inert ambient to initiate a reaction With the 
silicon. AtWo stage anneal may be performed if desired With 
a cleaning step performed after the ?rst anneal stage. 
The resistor 24 may be provided With a knoWn resistance 

using Well knoWn techniques for fabricating an impurity 
region. For example, ion implantation may be used to 
establish an impurity region With dopant atoms having a 
mobility pL, a carrier concentration nL, and a uniform doping 
depth RP. The sheet resistance per unit area R5 of the thus 
formed resistor 24 Will be given by the equation: 

1 Equation 4 

Where c is the fundamental unit of charge. For example, in 
an exemplary embodiment, arsenic may be implanted With 
a dosage of 10E14 cm-2 to a uniform doping depth RP of 
10'5 cm. Assuming a mobility pL of 100 cm2sV_1, Equation 
4 yields a sheet resistance R5 of about 624.2 Q/unit area. 

It is anticipated that an activating anneal at about 100° C. 
for 30 minutes Will not signi?cantly change the location of 
the peak concentration or the straggle. It is anticipated that 
the rapid thermal anneal Will produce even less impact on 
the diffusion of the implanted dopant atoms. 
An alternate implementation of the resistor, noW desig 

nated 24‘, may be understood by referring to FIG. 5. In this 
illustrative embodiment, an impurity region 54 is superim 
posed on the impurity region 48. The impurity region 54 Will 
share the same conductivity type With the substrate 32 but 
not With the impurity region 48. Salicide structures 50 and 
52 may be provided beneath the contacts 14 and 40 as 
described above. 
An alternate exemplary embodiment of the test structure, 

noW designated 10‘, may be understood by referring noW to 
FIG. 6, Which is a schematic vieW of the test structure 10‘. 
While the foregoing illustrative embodiment incorporated a 
parallel connected test structure, the alternate embodiment 
depicted in FIG. 6 utiliZes a serial test structure. Like the test 
structure 10 depicted in FIG. 1, the test structure 10‘ depicted 
in FIG. 6 includes the conductors 12 and 22. A resistor/ 
contact netWork is connected in series betWeen the conduc 
tors 12 and 22. A plurality of contacts, collectively desig 
nated 54 is connected in series betWeen the conductors 12 
and 22. Each of the contacts 54 is fabricated With a knoWn 
resistance RC. Pairs of the contacts 54 are associated With 
knoWn locations 0, 1, 2, 4 . . . n on the substrate 32. Each 

pair of contacts 54 is provided With a by-pass resistor 56, 58, 
60 and 62. Each of the by-pass resistors 56, 58, 60 and 62 
is fabricated With a knoWn resistance R], R2, R3 . . . R”. 
The calculated resistance RCALCULATED betWeen the con 

ductors 12 and 22 is given by the folloWing equation: 

R i ZRC Equation 4 
c LCUL TED = — 

A A H 2R, + RK 

The resistance RC of each contact 54 is substantially less 
than the resistance of each of the by-pass resistors 56, 58, 60 
and 62. Accordingly, if none of the contacts 54 is in an open 
state, the calculated resistance betWeen the conductors 12 
and 22 simpli?es to: 

RM =2nRC Equation 5 

HoWever, if one or more of the contacts 54 is in an open 
state, the by-pass resistor associated With the location of the 
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open contact Will contribute to the measured resistance RM 
betWeen the conductors 12 and 22. In this circumstance, the 
location of the open contact can be determined by setting the 
right side of Equation 4 equal to R M and using trial and error 
substitution of the resistance values RC and RK into the right 
side of Equation 4 until the calculated equivalent resistance 
RCALCULATED matches the measured resistance RM. 
As With the test structure 10, the test structure 10‘ may be 

implemented such that the resistances of the resistors in the 
netWork are integer multiples of the fundamental resistance 
value of the netWork. 

The test structure 10‘ may be implemented on the sub 
strate 32 the same general manner as the test structure 10 
depicted in FIGS. 1—5 above, albeit With serial as opposed 
to parallel connections. Similarly, the by-pass resistors 56, 
58, 60 and 62 may be fabricated using the aforementioned 
resistor fabrication techniques. The skilled artisan Will 
appreciate that the number of by-pass resistors in the test 
structure 10‘ is largely a matter of design discretion. 

While the invention may be susceptible to various modi 
?cations and alternative forms, speci?c embodiments have 
been shoWn by Way of eXample in the draWings and have 
been described in detail herein. HoWever, it should be 
understood that the invention is not intended to be limited to 
the particular forms disclosed. Rather, the invention is to 
cover all modi?cations, equivalents and alternatives falling 
Within the spirit and scope of the invention as de?ned by the 
folloWing appended claims. 
What is claimed is: 
1. A test structure, comprising: 
a substrate; 
a ?rst conductor on the substrate; 

a second conductor on the substrate; and 
a resistor netWork coupled in parallel betWeen the ?rst 

conductor and the second conductor, the resistor net 
Work having n resistors and n contacts and a measur 
able resistance RM, each of the n resistors having a 
knoWn resistance Rk and a knoWn position on the 
substrate, each of the n contacts being connected 
betWeen one of the n resistors and the ?rst conductor or 
the second conductor, Whereby the location of any of 
the n contacts in an open state is determined from the 
equation: 

1 
l l ' 

RM: 

2. The test structure of claim 1, Wherein R, is the loWest 
resistance of the knoWn resistances Rk . . . Rn and the knoWn 

resistances Rk . . . Rn are integer multiples of RI. 
3. The test structure of claim 1, Wherein the contacts 

comprises tungsten contacts. 
4. The test structure of claim 1, Wherein the n resistors 

comprise impurity regions in the substrate. 
5. The test structure of claim 1, comprising an insulating 

?lm on the substrate having a plurality of openings, each of 
the n resistors being in one of the plurality of openings. 

6. The test structure of claim 5, Wherein the ?rst conductor 
comprises a ?rst test pad and the second comprises a second 
test pad. 

7. The test structure of claim 6, Wherein the ?rst and 
second test pads are positioned on the insulating layer. 

8. A test structure, comprising: 
a substrate; 
a ?rst conductor on the substrate; 
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8 
a second conductor on the substrate; 
n contacts connected in series betWeen the ?rst conductor 

and the second conductor and de?ning n/2 pairs of the 
n contacts, each of the n contacts having a knoWn 
resistance Rc; and 

a plurality of resistors, each of the plurality resistors 
having a knoWn resistance Rk and a knoWn position on 
the substrate and being connected in parallel With one 
of the n/2 pairs of n contacts, the n contacts and the 
plurality of resistors having a combined measurable 
resistance RM, Whereby the location of any of the n 
contacts in an open state is determined from the equa 
tion: 

9. The test structure of claim 8, Wherein R, is the loWest 
resistance of the knoWn resistances Rk . . . Rn and the knoWn 
resistances Rk . . . Rn are integer multiples of R1. 

10. The test structure of claim 8, Wherein the n contacts 
comprises tungsten contacts. 

11. The test structure of claim 8, Wherein the plurality of 
resistors comprise impurity regions in the substrate. 

12. The test structure of claim 8, comprising an insulating 
?lm on the substrate having a plurality of openings, each of 
the n contacts being in one of the plurality of openings. 

13. The test structure of claim 12, Wherein the ?rst 
conductor comprises a ?rst test pad and the second com 
prises a second test pad. 

14. The test structure of claim 13, Wherein the ?rst and 
second test pads are positioned on the insulating layer. 

15. An integrated circuit, comprising: 
a substrate; 
a plurality of circuit devices on the substrate; 
a plurality of active contacts coupled to the plurality of 

circuit devices; and 
a test structure having a ?rst conductor on the substrate, 

a second conductor on the substrate, and a resistor 
netWork coupled in parallel betWeen the ?rst conductor 
and the second conductor, the resistor netWork having 
n resistors and n contacts and a measurable resistance 

RM, each of the n resistors having a knoWn resistance 
Rk and a knoWn position on the substrate, each of the 
n contacts being connected betWeen one of the n 
resistors and the ?rst conductor or the second 
conductor, Whereby the location of any of the n contacts 
in an open state is determined from the equation: 

1 
l l ' 
— +... — 

Rk Rn 

RM: 

16. The test structure of claim 15, Wherein R. is the loWest 
resistance of the knoWn resistances Rk . . . Rn and the knoWn 

resistances Rk . . . Rn are integer multiples of R1. 
17. The integrated circuit of claim 15, Wherein the n 

contacts comprises tungsten contacts. 
18. The test structure of claim 15, Wherein the n resistors 

comprise impurity regions in the substrate. 
19. The test structure of claim 15, comprising an insulat 

ing ?lm on the substrate having a plurality of openings, each 
of the n resistors being in one of the plurality of openings. 

20. The test structure of claim 19, Wherein the ?rst 
conductor comprises a ?rst test pad and the second com 
prises a second test pad. 
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21. The test structure of claim 20, wherein the ?rst and 
second test pads are positioned on the insulating layer. 

22. An integrated circuit, comprising: 

a substrate; 

a plurality of circuit devices on the substrate; 

a plurality of active contacts coupled to the plurality of 
circuit devices; and 

a test structure having a ?rst conductor on the substrate, 

a second conductor on the substrate, n contacts con 

nected in series betWeen the ?rst conductor and the 
second conductor and de?ning n/2 pairs of the n 
contacts, each of the n contacts having a knoWn resis 
tance Rc, a plurality of resistors, each of the plurality 
resistors having a knoWn resistance Rk and a knoWn 
position on the substrate and being connected in par 
allel With one of the n/2 pairs of n contacts, the n 
contacts and the plurality of resistors having a corn 
bined rneasurable resistance RM, Whereby the location 
of any of the n contacts in an open state is determined 
from the equation: 

10 

15 

10 

ZRCRK 
RM = . 

KII ZRC + RK 

23. The test structure of claim 22, Wherein R, is the loWest 
resistance of the knoWn resistances Rk . . . Rn and the knoWn 

resistances Rk . . . Rn are integer multiples of R1. 
24. The test structure of claim 22, Wherein the n contacts 

cornprises tungsten contacts. 
25. The test structure of claim 22, Wherein the plurality of 

resistors cornprise irnpurity regions in the substrate. 
26. The test structure of claim 22, comprising an insulat 

ing ?lrn on the substrate having a plurality of openings, each 
of the n contacts being in one of the plurality of openings. 

27. The test structure of claim 26, Wherein the ?rst 
conductor comprises a ?rst test pad and the second corn 
prises a second test pad. 

28. The test structure of claim 27, Wherein the ?rst and 
second test pads are positioned on the insulating layer. 
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